A checklist of non-indigenous marine fishes including bony, cartilaginous and jawless distributed along the Turkish Marine Waters was for the first time generated in the present study. The number of records of non-indigenous fish species found in Turkish marine waters were 101 of which 89 bony, 11 cartilaginous and 1 jawless. In terms of occurrence of non-indigenous fish species in the surrounding Turkish marine waters, the Mediterranean coast has the highest diversity (92 species), followed by the Aegean Sea (50 species), the Marmara Sea (11 species) and the Black Sea (2 species). The Indo-Pacific origin of the non-indigenous fish species is represented with 73 species while the Atlantic origin of the non-indigenous species is represented with 22 species. Only first occurrence of a species in the Mediterranean, Aegean, Marmara and Black Sea Coasts of Turkey is given with its literature in the list.
Introduction
Fishes are the most primitive members of the subphylum Craniata, constituting more than half of the living vertebrate species. There is a relatively rich biota in the Mediterranean Sea although it covers less than 1% of the global ocean surface. Among the entire faunal assemblages, fishes are one of the most intensely studied groups, with nearly 650 species recorded throughout the Mediterranean basin (Quignard & Tomasini, 2000; Coll et al., 2010) . Recent extensive faunal assessments have revealed a lower number of fish species distributed along the Turkish coasts (Fricke et al., 2007 ) that seems to be more related to the scarcity of taxonomical studies, rather than the oligotrophic nature of the eastern Mediterranean basin.
The biodiversity in the East Mediterranean has been considerably altered since the opening of the Suez Canal in 1869. The completion of the High Aswan Dam in 1965-67 has retained important changes in the Levantine basin which favored the settlement and spread of lessepsian/Erythrean fish and invertebrates in the Mediterranean basin (Halim et al., 1995; Halim, 2004 ) that appears to be in accelerating process . Tortonese (1964) estimated the Indo-Pacific immigrant fish species to be about 30 for a Mediterranean total of about 550. BenTuvia (1985) listed 41 species. In the Atlas of Exotic fish species in the Mediterranean, Golani et al. (2002) reported 59 exotic fish species for an estimated total of 650 in the Mediterranean, which is almost 10% of the population. The check list of Zenetos et al. (2010) comprises 92 nonindigenous species of the Indo-Pacific origin in the Mediterranean.
Checklists are important survey tools for the study of the fish communities, providing the essential data sets for fishery management actions. Ongoing and preparation of non-indigenous species checklists and the development of relevant Web based databases have been challenging tasks over the latest decades (AliMed, AquaNIS, DAISIE, EASIN, ESENIAS, NOBANIS). One major drawback in these systems is the lack of long-term funding, which often results in a lack of updates which is, in turn, a prerequisite for delivering timely reliable information to environmental managers (Lucy et al., 2016) . Nevertheless, the most serious problem in these databases is often the lack of expertise that species records in the existing data systems are often taken at face value without investigating their validity.
Turkey is surrounded by four large water masses, the Mediterranean Sea, Aegean Sea, Marmara Sea and Black Sea with different hydrographic regimes and ecological characters. It is very important to provide a list of non-indigenous species in these waters for ecologists and fishery managers for better understanding of population dynamics in these environment and conservation of native biodiversity and habitats.
The main objectives of this study is to provide for the first time a checklist of the as nonindigenous bony and cartilaginous fishes found in the Mediterranean, Aegean, Marmara and Black Sea coasts of Turkey.
Material and Methods
All the non-indigenous bony and cartilaginous fish species distributed along the Turkish coasts are presented in this paper. The geographical area concerned in this study includes the Turkish coasts of the Mediterranean Sea, Aegean Sea, Marmara Sea and Black Sea. East of the Dalaman creek (36°42ʹ N-28°43ʹ E) is considered as the Turkish coasts of Mediterranean Sea.
The check list comprises origin of the non-indigenous species such as the Indo-Pacific, Red Sea, Atlantic, Atlanto-Mediterranean. Only first occurrence of a given species in the Mediterranean, Aegean, Marmara and Black Sea Coasts of Turkey is given with its literature in the list. Second and third occurrence of a species for each sea are not considered here. Only extension reports from one sea to another sea for a species such as from the Aegean Sea to the Marmara Sea, and ext. are given in the check list. The species which its existence has been misclassified with sister species were not considered as non-indigenous species. Moreover, formerly realised species to be exist and different from its sister species in our waters were also not included as nonindigenous species in the check list.
The records of species that were only reported from the Aegean Sea coast of Turkey as first occurrence were indicated from Mugla coasts since this coast is an entrance or gate of the Aegean Sea for the Atlantic and Indo-Pacific migrants which was also used in the colour density map.
Turkish coasts have been divided into equivalent squares of 15 × 15 km, where all recorded fish (exclusively those associated with exact coordinates; unpublished data and gray literature are not included) was plotted using the QGIS software. The natural breaks method was used to indicate the areas with the highest number of species.
Results
Up to date, non-indigenous marine fish in Turkish marine waters comprises 101 species of which Actinopterygii classes is represented with 89 species, and Elasmobranchii is represented with 11 species and Hyperoartia is represented with 1 species (Table 1) . In terms of occurrence of nonindigenous fish species in the surrounding Turkish marine waters, the Mediterranean part has the highest diversity (92 species), followed by the Aegean Sea (50 species), the Marmara Sea (11 species) and the Black Sea (2 species) ( Table 1 ).
The Indo-Pacific origin of the non-indigenous fish species is represented with 73 species, while the Atlantic origin of the non-indigenous species is represented with 22 species. However, there has been no acknowledge of the origin of the non-indigenous species for 6 fish species (Table  1) . Exclusively, the Elasmobranch species show worldwide distribution, and therefore, the origin is not given for the most of these species, especially for sharks.
On the other hand, there are species which were occurred or recorded only from one sea in Turkish marine waters that 44 species were recorded only from the Mediterranean coast of Turkey and 7 species were recorded only from the Aegean Sea. Table 1 . Checklist of the non-indigenous bony and cartilaginous fishes for Turkish marine waters (A: Atlantic; ATM, Atlanto-Mediterranean IP: Indo-Pacific, R: Red Sea). Grey colour in each cell represent first report and occurrence in each Sea and its reported Reference is given in the cell. 
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When historical increases (in decades) of the distribution of first occurrence of nonindigenous fish species in Turkish Marine waters were analysed with colour density map, there is gradual clear increase of non-indigenous species along the Turkish marine waters (Figure 1) . Especially, the Iskenderun Bay is a hot spot region for the occurrence and receiving the nonindigenous fish species in Turkish marine waters. The second hot spot region seems to be Mugla coast, but this is mostly due to the records of species that were only reported from the Aegean Sea coast of Turkey as first occurrence without location which was indicated from Muğla coasts since this coast is entrance or gate of the Aegean Sea for the Atlantic and Indo-Pacific migrants. The distribution of first occurrence of total non-indigenous bony and Elasmobranch fish species in Turkish marine waters are giving similar pattern (Figure 2 ). For both bony and Elasmobranch non-indigenous species, the Iskenderun Bay seems to be hot spot region. Interestingly, there are more species recorded in the Marmara Sea than that the Aegean Sea which may indicate migration pathway in the Aegean sea may be occurring in the Greek coastal waters. When the time-series data of cumulative increase in non-indigenous fish diversity in Turkish Marine waters was analysed, there is high increase of number of non-indigenous fish species occurring in the Turkish marine waters (Figure 3) . Interestingly, low number of entrance/occurrence of non-indigenous species between 1960-1980 years was observed in Turkish marine waters. 
Discussion
The spread of non-native species into Turkish marine waters and their impacts on the host environment is of much concern to ecologists and fishery managers. Invasive non-indigenous species have adverse effects and threat native biological diversity and the ecological stability of invaded ecosystems which are resulting economic and ecological consequences.
There is an increase in the number of non-indigenous species in Turkish marine waters (Figure 3) . Climate change and overfishing in addition to enlargement of the Suez Canal are two major threats to biodiversity in the Mediterranean Sea (Dukes, 2003; Turan et al. 2016; Galil et al. 2017) . Of course, there are other additional factors such as destruction of habitats and the introduction of harmful pollutants. The Iskenderun Bay is a hot spot region for non-indigenous of both bony and Elasmobranches species which may be used as a pilot region for observation, monitoring and warning studies or activities for the non-indigenous species.
The factors contributing to the increase the non-indigenous species are quite evident. The impact of the non-indigenous species in Turkish marine waters should be constantly monitored, and strategies and dynamic management plans should be developed. The ecosystem based management concerning non-indigenous species should also be placed in the fishery management policies. The given check list has also of crucial importance in prioritizing the marine protected areas scheduled to be established.
